Structure and miagnetic properties of interstitial compounds of the series Dy2Fel, AlJ, , c(Z=N The interstitial nitrides Dy?Fer,-,AIXN, with 0%x66 and 0 4 J '~2.7 and hydrides Dy2Fe.r7-,AlXHY with 0~x64 and OSy~4.2 have been synthesized by means of melting and by means of the gas-phase-interaction method. The effect of the interstitial atoms on the structure and the lattice parameters has been investigated. For the nitrogenated compounds, it is found that nitrogen can be introduced until a maximum volume expansion is reached. The magnetic properties of the interstitial compounds, including high-field magnetization at 4.2 K and Curie te.mperatures, have been measured. The Dy-Fe exchange interaction is found to decrease upon introduction of the interstitial atoms.
I. INTRODUCTION
Since the discovery by Coey and Sun' that the introduction of interstitial nitrogen greatly improves the magnetic properties of Ti,Fer? and SmZFer7, much work has been done to investigate the interstitial nitrides. It has been established that nitrogcnation enhances the Curie temperatures and the saturation magnetization of RZFerr iR=rare earth) ompounds. A similar effect h.as been observed earlier for the introduction of interstitial hydrogen in R2Fer7 compounds (see, for instance, Ref. 2) However, the intluence of the interstitial atoms on the R-7' t,T=transition metal) exchange interaction in nitrides and hydrides has not been studied in very much detail. In the present work, we have investigated the effect of interstitial nitrogen and hydrogen on the Dy-Fe coupling in DyFe, 'i -,Al, compounds.
II. EXPERIMENT
The parent compounds of the series Dy,Fe,,-,Al, with x=0.0, 1.0, 2.0, 3.01 4.0, 5.0, 6.0, and 7.0 were prepared by arc melting the starting materials with purities higher than or eyual to 09.9%. After the melting, the ingots were annealed at 1000 "C for three weeks. The homogenized ingots were checked by x-ray diffraction and found to be single phase.
The nitrogenation was carried out on fine powder particles (with diameters ~40 pm) in a furnace at about 500 "C with flowing nitrogen gas. The time needed to reach sufficient nitrogenation varies from compound to compound. It was found that with increasing aluminum content in the parent series, the nitrogenation bcccmes increasingly difficult. Hydrogenation was performed by heating powdered samples for a few hours at about LX0 "C in flowing hydrogen gas. It was found that the hydrogenation can only be carried out for compounds with X-G. The nitrogen and hydrogen contents were determined by weighing the samples. A detailed description of the synthesis of the interstitial nitrides and hydrides will be given in Ref.
3. All nitrogenated and hydrogenated compounds have been checked by x-ray diffraction (with Cu KLY radiation) to confirm the formation of the interstitial phases, to determine the lattice constants, and to detect the presence of possible impurity phases.
High-field magnetization measurements up to 35 T at 4.2. K have been carried out in the Amsterdam high-field installation." The samples consisted of powder particles that were free to rotate in the sample holder. The Curie temperatures were measured by means of an automatic magnetization-temperature recorder based on the Faraday method. The magnetic field applied in the measurement was 0.14 T. hydride. It can be clearly seen that the unit-cell volume expands upon nitrogenation and hydrogenation, the expansion caused by the nitrogenation being the largest. Similar results have been obtained for the nitrides up to x=6 and for the hydrides up to x=4. In Table I , the structural data of the compounds are listed. In the calculation of the unit-cell volumes, the volumes of the compounds crystallizing in hexagonal structure have been multiplied by 1.5 to compare them with the unit-cell volumes of the compounds with rhombohedral structure.
It is interesting to note that the amount of interstitial atoms that can be introduced into the compounds decreases with increasing aluminum concentration. Above x=6 nitrogenation was not found to be possible and above x=4 hydrogenation was not pdssible, even after treatments for a very long time. All nitrogenated compounds have almost the same lattice parameters, appearing to reach a maximum expansion. The same phenomenon has previously been observed for other series.5 In the case of the hydrides, this "maximum expansion" phenomenon was not observed.
As is usually observed, &-Fe precipitates in the samples during the nitrogenation, which contributes to the magnetization of the compounds. A method to correct for this impurity contribution is presented elsewhere.6
B. Magnetic properties of the interstitial nitrides and hydrides
The Curie temperatures of the compounds Dy2Fel,-XAl, and Dy2Fe17-,Al,N, are listed in Table II . In the range xS3, substitution of Fe by Al causes an increase in the Curie temperature, which has been discussed in Refs. 7 and 8. The expansion of the unit cell caused by the introduction of nitrogen is accompanied by an increase of the Curie temperature. The amount of nitrogen that can be introduced, however, decreases with increasing Al concentration, which is accompanied by a reduced increase of the Curie temperature.
In R-T compounds, the magnetic properties change from ferromagnetic to ferrimagnetic when R proceeds from the light rare earths to the heavy rare eat9hs.g If the applied external field is sufficiently high, the ferrimagnetic spin structure is affected, the magnetic moments start to bend, and the magnetization increases. A simple model that describes the magnetization process of (single-crystalline) powder par-6248 J. Appl. Phys., Vol. 75, No. 10, 15 May 1994 titles that are free to rotate in the applied field has been presented by Verhoef et s1.r' According to this model, the intersublattice molecular-field coefficient nHT can be derived directly from the magnetic susceptibility in the region where the departure from the ferrimagnetic structure occurs:
The exchange constant J,, (the exchange parameter appearing in a nearest-neighbor Heisenberg-type Hamiltonian) can be obtained by means of the equation (2) where g, is the Land& factor of the R ion, N, is the number of T atoms per formula unit, and the Z,, is the number of nearest T-atom neighbors of an R atom.
As examples, in Fig. 2 the free-powder magnetization curves are presented for the hydride and the nitride with x=4. The .I,, values that could be derived for the investigated nitrides and hydrides are collected in Table II , together with the JRT values for the parent compounds taken from Ref. 7. It can be seen clearly from the table that the introduction of hydrogen or nitrogen leads to a decrease of pDyFel, which is the strongest for the nitrides. This decrease of the R-T coupling upon introduction of interstitial atoms has also been observed in othe.r series."' The decrease may be inter- Liu et al, loo I- '"""""""'"""' preted to result from the increase of the unit-cell volume and the associated increase of the spatial separation of the ions. Since the 3&3f interaction which is mediated by the hybridization of the 3d-and S$-electron states is distance dependent, a decrease of ]J,,I upon introduction of interstitial atoms seems natural.
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